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Question 2: The detection of this state must be an extremely difficult clinical problem since all the, cardinal signs described were in conscious patients. The Bohr effect would presumably operate while using rich oxygen mixtures but could not threaten the oxygen supply to the patient.
Question 3: He had no knowledge on this question. In reply to Professor Macintosh, Professor Spurrell referred the speaker to the views he had expressed on the undesirability of administering CO2 to subjects in whom the activity of the respiratory centre was inadequate.
In answer to Dr. Rollason: The simplest explanation of this apparent paradox was that the venous sample was withdrawn from an area of stagnation in which the tissue CO2 tension was considerably above that of the alveolar air. Such peripheral stagnation was often a striking feature in hyperventilation, the subject becoming blue and cold. [January 7, 19551 The Maintenance of Respiration in Respiratory Paralysis [Abbreviated] By E. A. PASK, O.B.E., M.D., F.F.A. R.C.S.
Professor of Anasthesia, University of Durham ARTIFICIAL respiration has long been of interest to anesthetists. This interest is increasing because anesthetists are being enrolled into the teams which are being formed to deal with patients suffering from respiratory paralysis, and because artificial respiration now forms a part of many anmsthetic techniques.
Manual methods of artificial respiration for first-aid use in accidents have not, in general, been of so much interest, but aneesthetists have played a big part in a recent investigation in this field.
Let us first consider some of the changes which have occurred recently in this matter of first-aid manual artificial respiration. Until 1937, the literature in the field was very difficult to interpret. Widely varying figures for the pulmonary ventilation which could be achieved by a particular method were to be found. For example, different investigators recorded tidal volumes with the classical Schaefer's method as low as 17 ml. and as high as 1,600 ml. Probably the difficulty was that most of the subjects used for experimentation were conscious human beings who were attempting to suspend their spontaneous respiration voluntarily. Many factors other than the mechanical efficiency of the method came to play upon the results produced.
Between 1936 and 1944 two papers appeared which have always seemed to me to be landmarks in the progress in this field. One was by Professor R. M. Waters of Madison (Waters and Bennett, 1936) , in which for the first time he recorded measurements of artificial ventilation upon anmsthetized unconscious patients, who could not in any way influence the results. The second paper was by Professor Hemingway and Dr. Neil of Leeds (1944) in which they measured the ventilation volumes produced by various manceuvres in dogs and drew attention very clearly to the fact that the method of artificial respiration might affect the circulation as well as pulmonary ventilation.
It seems to me that it was against the background of these two papers that wartime work on artificial respiration in this country was undertaken. As often happens in wartime, experiments had a limited and particular objective. Artificial respiration was needed in difficult and unusual conditions in which many of the accepted methods were impossible. It was necessary to discover whether the techniques which could be carried out would produce worth-while results.
Of the manual methods of artificial respiration, it might be said that there have come to be two quite different trends of thought which, at first sight, appear contrary, though on closer inspection the disparity can be reconciled. The first trend would seem to be: "It does not matter what method you use, any method will serve if the subject be alive enough and no method will work if the subject be too dead." The great anasthetist Joseph Clover, many years ago expressed this thought. He wrote in a letter to the Lancet, "The method of performing artificial ventilation advocated by Dr. Howard in the Lancet last week, appears to be a great improvement upon other methods, more especially in the greater power it gives of compressing and expanding the lungs. But I am sure that this is not the difficult part of artificial respiration. I believe the Silvester and the Marshall Hall method, and even the intermittent compression of the chest and abdomen, would rarely fail if the air passages were free. Our experiences with gas and ether and ether and air breathed over and over again showed a very small quantity of air to be sufficient to maintain life and to restore the respiratory movements, if they become intermittent". It is interesting that Clover does not mention the restoration of respiratory movements in patients in whom they have altogether ceased, but only in patients in whom they have become intermittent.
It is interesting also that he appears to have realized quite well that the method and apparatus for aneesthesia which he advocated only allowed the patient to breathe a very small quantity of air. In later years, it was "discovered" that Clover's inhaler only permitted the patient to breathe a very small quantity of fresh air and on these grounds it was often condemned. Joseph Clover seems to have been well aware of this disadvantage and to have accepted it.
In recent times those important workers in this field, H. G. Swann and M. Brucer, have produced evidence which seems to be in conformity with Joseph Clover's view. Amongst their many papers, one in the Journal of Applied Physiology makes this point rather clearly (Brucer and Swann, 1951) . In these experiments, dogs were subjected to the inhalation of pure nitrogen. Respiration became irregular and finally stopped. At this point the animal's blood pressure was reasonably high and it so continued for a minute or two after respiration had ceased. Then the blood pressure began to fall very steeply so that on the average the systolic pressure fell from 110 to 70 mm.Hg in the space of 17 seconds. If artificial respiration was applied to the apnoeic animals at a time when the blood pressure was still above 100, almost any method was successful in reviving a large proportion of the animals. If the application of artificial respiration was delayed until the blood pressure had fallen below 70 systolic, an event which occurred on the average some 17 seconds later, then no available method was successful in reviving them.
Some of the methods of revival which succeeded, provided that the blood pressure was greater than 100 systolic, were the following:
(a) A single inflation of the lungs with pure oxygen. (b) A periodic inflation of the lungs with a mixture of 2% oxygen in nitrogen.
(c) A periodic inflation of the lungs with air using such small tidal volumes that the animal's dead space was only just exceeded. Once the animals' systolic pressure had fallen below 70, even the periodic inflation of the lungs with oxygen failed to revive them. Thus, in fulminating anoxia of this kind, it is the state of the subject much more than the nature of the method of artificial respiration, upon which the outcome depends. Swann and Brucer carefully stress that their results apply only to this kind of fulminating anoxia, such as might occur in drowning. But there are other circumstances when artificial respiration may be needed in which the conditions are quite different.
When a patient is poisoned with a narcotic, for example a barbiturate, respiration may be profoundly depressed and irregular. If nothing can be done, or if the assistance to respiration be inadequate, then a biochemical disturbance will develop and become progressively worse so that eventually the patient may die. In these cases, assistance to the respiratory mechanism may be necessary over a very long time and it is important that such assistance should be capable of producing adequate pulmonary ventilation, for it cannot be expected that the patient's own breathing mechanism will quick;ly take over the task. It is possible that poisoning with the anti-cholinesterase substances might lead to a situation of this sort and that poisoning from these substances might occur on a fairly wide scale in a future war.
It is-from the consideration of this sort of situation that the contrary trend of thought has arisen whereby investigators are now seeking the method of manual artificial respiration which will produce the greatest possible pulmonary ventilation. An extensive programme of investigation into manual methods of artificial ventilation has recently been carried out in the United States with the purpose of discovering the one best able to produce the maximum pulmonary ventilation. The work was carried out at five Universities and is reported in the Journal of Applied Physiology (1951) . A variety of methods was studied and the pulmonary ventilation was recorded. In addition, the effects upon the circulation, the ease with which the methods could be carried out by the operators, and also taught to new operators, were investigated. The subjects were all unconscious, apnceic, healthy human beings who had been anisthetized with thiopentone and given a relaxant.
It is extremely difficult and, indeed, dangerous to attempt to summarize in a few words such a large and important piece of work. The conelusion reached was, however, that the method of Schaefer, hitherto generally accepted, was a good deal less effective than an alternative method-the Holger-Nielsen-and that the latter should replace Schaefer's method for general use. It was also concluded that the Holger-Nielsen method was sufficiently easy to perform and to teach.
It is natural, therefore, that one should be particularly interested in the comparative results of these two methods, the one which is to be displaced, and the other which it is recommended should supplant it. Schaefer's method is, of course, a prone/pressure method in which the operator causes active expiration by pressure upon the rib cage and inspiration occurs by the elastic recoil of this same structure. In the Holger-Nielsen method the subject is also prone, expiration is produced again by pressure upon the rib cage but there is an active inspiratory movement produced by drawing the subject's elbows upward and slightly away from the ground. It has to be remembered that the cycle of events in the Schaefer technique is shorter than that of the Holger-Nielsen method, so that whereas with the Holger-Nielsen method only twelve respiratory movements a minute can usually be achieved, with Schaefer's method twenty or twenty-two may be possible. When this difference is taken into account, the results suggest that Schaefer's method can usually produce a minute volume which is just about adequate for the maintenance of life, but the HIolger-Nielsen method is capable of producing considerably greater minute volumes, of the order of 10-12 litres per minute. There was, however, a more serious reflection upon the efficiency of Schaefer's method. It was suggested that even though an apparently sufficient minute volume might be produced by this technique, the oxygen saturation of the blood might, nevertheless, be extremely low. The explanation proferred is that Schaefer's method produces not only small ventilation of the lungs, but also uneven ventilation, and in certain of the patients the oxygen saturation of the blood fell as low as 40 %, even though the minute volume was not grossly inadequate. The detailed data is sometimes difficult to reconcile, but this suggestion that Schaefer's method produces uneven ventilation of the lungs is a very serious one. It has probably been accepted for some years that Schaefer's method could not do more than produce barely adequate ventilation, but that the ventilation is imperfect in nature as welt as in quantity is a new and serious suggestion. This critical point might be tested by asking a simple question: Can Schaefer's method maintain oxygen saturation when the subject breathes air alone? Some of us are attempting to test this point.
From a practical point of view, Schaefer's method has some advantages over the Holger-Nielsen, if it could be shown to be sufficiently effective for most circumstanceg. It is a little easier to perform. Again, the operator in Schaefer's method kneels beside the patient's trunk and if a second person be present he can gain free access to the head in order to make sure that the air passages are clear. With the Holger-Nielsen method the operator must kneel at the patient's head and it is difficult for a second person to maintain a clear airway, for he cannot readily gain access to the subject's head. If one reflects upon Joseph Clover's stress upon the importance of the air passages being free, a point which is undoubtedly correct, and if one reflects upon the fact that in certain acute asphyxial emergencies recovery does not seem to depend upon the production of large pulmonary exchange, then one is bound to wonder whether Schaefer's method has not been rather too lightly displaced from general use, though there is no doubt that in some emergency situations a method is required which will produce the maximum possible pulmonary ventilation and there is also no doubt that the Holger-Nielsen method will do this better than Schaefer's.
Let us now turn our attention to some of the developments that have occurred in recent years in mechanical methods of artificial respiration. The situation is very confusing because so many new devices and machines have appeared. A good many of them have been reviewed by Professor Mushin and Dr. Rendell-Baker in the British Journal of Anesthesia (1954) . Their review was more concerned with mechanisms of the machines than with their function. It may be profitable to try to work out some sort of scheme in which the various new methods are classified according to their function.
(1) Electrophrenic respiration.-This is an old technique but the revival and production of the modern electrophrenic stimulator is associated with the names of Dr. S. J. Sarnoff and Dr. K. W. Cross. A rhythmic electrical stimulus is applied to the phrenic nerve, causing contraction of the diaphragm. The method is "physiological" but it can only work if the phrenic nerve and the neuromuscular junction are intact. It is not therefore normally useful in cases of poliomyelitis nor for patients who have received a relaxant. Difficulties arise when prolonged artificial respiration is needed, for if the stimulus is applied percutaneously it is generally necessary to maintain the electrode in position by hand, since clamps or holders are not suficiently versatile to deal with a living patient's movements. Implanted electrodes have been tried but do not yet seem to be generally acceptable.
(2) Electromuscular respiration.-The idea behind this technique seems to be that the stimulus should be applied to the motor points of as many respiratory muscles as possible, but, unfortunately, the motor points of the diaphragm are not really accessible to stimulation and those of the intercostal muscles are, of course, multiple. The method is somewhat oumbersome and probably is not effective in producing complete artificial maintenance of ii respiration. It may have some place in the education of patients who are recovering from respiratory paralysis.
(3) Eve's method.-Eve's method can be done manually as well as by means of some mechanism such as a rocking stretcher or a rocking bed. It is not new, but the use of rocking beds has recently been shown by Schuster and Fischer-Williams (1953) and others, to be helpful to those patients recovering from poliomyelitis who can breathe when awake by the use of accessory respiratory muscles, but who cannot maintain adequate respiration when asleep. No doubt they gain some physical assistance from the rocking bed but it seems also possible that the rocking acts as a conditioned stimulus leading them, perhaps, to make use of accessory muscles even though asleep.
(4) Cabinet respirators.-It is now recognized that when a cabinet respirator is operated only with intermittent negative pressure within the cabinet, the effect upon venous return to the heart is similar to that produced by intermittent positive pressure respiration, since the pressure within the thorax will tend to be positive in relation to that around the body as a whole. If a positive pressure expiratory phase be introduced as well as the negative pressure inspiratory phase, venous return to the heart is somewhat assisted.
Many modifications to the design of cabinet respirators have emerged in recent years. Some of these seem unnecessary, indeed even embarrassing, to the practical op6rator. Some of the advances are worth while and these include: (a) Means of increasing the ease and the speed of opening the respirator so that nursing attention can readily be given and so that the patient's position can be changed.
(b) Alterations to the head-end of the respirator and to the head-rest so that it is possible to nurse the patient in a prone position with a head-down tilt and thus facilitate the drainage of secretions from the pharynx and respiratory tract.
(c) Improvements in the comfort of the fitting of the airtight collar around the patient's neck together with the possibility of using a cabinet respirator for a patient who has a tracheotomy opening.
(5) Cuirass respirators.-Considerable improvements in the design of cuirass respirators have been introduced by J. T. Scales and others (1953) , particularly in the development of individually mouldable cuirasses and in alteration in the -shape of the cuirass so that pulmonary ventilation is improved. It is very much to be hoped that further development will occur in this field for the cuirass respirator must surely embarrass the circulation less than nearly all other types. If it can be made womfortable enough for continuous use over long periods, if it can be made capable of producing really adequate ventilation in all patients, and if it can be so modified that it be possible to nurse the patient in the prone position, then surely the future for this type of respirator must be very important.
(6) Intermittent positive pressure and intermittent positive/negative pressure respirators.-A multitude of these devices have appeared recently, following upon the epidemic of poliomyelitis which occurred in Denmark. These respirators can be used for short periods with a mask or mouthpiece, but if they are to be used for long periods, then a tracheotomy fitted with a tube which has an airtight seal against the trachea wall is necessary. In appropriate cases, there are incidental advantages in the tracheotomy in that-it allows the ready removal of secretions from the respiratory tract and effectively prevents the risk of entry of food and saliva into the lungs. This type of respirator is extensively used during anasthesia.
When an intermittent positive pressure respirator is used, the mean intrathoracic pressure is necessarily greater than it is when the patient is breathing spontaneously. A good deal of discussion has therefore centred around the possible importance of maintaining a low mean intrathoracic pressure. At first sight, this appears very important since the heart is not a suction pump and the filling of the right auricle, which lies within the thorax, depends upon the difference in pressure within the great veins just outside the thorax, and the pressure in the right auricle. However, patients possess physiological compensatory mechanisms and if the pressure in the right auricle be raised artificially, then pressure in the great veins outside the thorax may also be raised so that auricular filling in diastole is maintained. There seems little doubt that a fit patient can make this compensation quite adequately and even though the mean intrathoracic pressure be rather high, no serious adverse consequences will follow.
In 1943 Beecher et al. showed that healthy dogs could withstand rather high mean intrathoracic pressures quite well, but that when they had been bled, the effect of this pressure upon the circulation -became critical. Now, Maloney et al. (1953) have elegantly demonstrated that healthy patients can compensate for an increase in mean intrathoracic pressure, but, equally certainly, that patients in whom the circulation is precarious cannot do so. If we then ask the question, "Must we concern ourselves seriously to secure the lowest possible mean intrathoracic pressure?", the answer seems to be-(a) We need not, if the respirator is required only for short periods as, for example, when it is used to permit a cabinet respirator to be opened for nursing care.
(b) We need not, when the respirator is to be used during anesthesia for thoracic surgery, with open chest.
(c) We need not, when the respirator is to be used only upon patients whose circulation is vigorous.
(d) We must concern ourselves with this factor when the patient's circulation is precarious. It is believed that this factor contributed significantly to circulatory failure in some of the patients in the poliomyelitis epidemic in Denmark.
When considering whether a particular machine is suitable for our purpose, it seems reasonable to ask the following questions:
(1) Can correct pulmonary ventilation be secured? Many machines are pressure controlled -that is, the patient's lungs are inflated until a "cut-off" pressure is reached when the cycle reverses. It is sometimes difficult to secure sufficiently low cut-off pressure. The usual range is 5 cm. H20-30 cm. H20. A few machines are volume controlled and inject a predetermined volume of air, regardless of pressure, though there are usually safety devices.
(2) Can a low mean intrathoracic pressure be secured? An intermittent positive pressure machine should be capable of rapid inflation at 40/80 litres/min. so that adequate distension of the lungs can quickly be made and therefore the positive pressure phase can be very short. "Cut-off" must be immediate and there must be no residual positive pressure in the system during exhalation. The rapid inspiration must be possible even if the repetition rate is slowed down.
If a negative (suction) phase be possible during exhalation, the mean intrathoracic pressure can be lower still.
(3) If the patient is making inadequate attempts to breathe, can the machine "match" them? The repetition rate of the machine must be sensitively and continuously controllable and should not change only by "steps". When this is so, any regular rhythm can be matched, but if the patient's attempts are irregular, then only a "patient-triggered" respirator will "match" his efforts. These devices inflate the patient's lungs whenever an attempt at inspiration is made. They may also have a basic rhythm.
(4) With what are the lungs inflated? This may be atmospheric air, or air at high or low pressure may be needed. It is important to know: (a) Whether enrichment with oxygen is feasible. (b) Whether humidification is feasible. (c) Whether anaesthetic gases can be used and if so, (d) Whether a closed circuit or a semi-closed one can be used.
(5) What provides the energy to operate the mechanics of the respirator? If this be electric, then the device must be free from explosion risks if it is to be used in the operating theatre. Many machines derive their energy from the respired gases. Some of these can be described as "economical" in that only a small amount of gas is used to operate the mechanism and they can sometimes be operated by the gases flowing from an aneesthetic machine. Other machines are "wasteful" of gases but this is of no critical significance if they are to be fed by air at low pressure from a blower, for then there is usually an abundant supply.
A few machines use suction as their motive force. (6) Is the mechanism likely to be reliable and easy to repair? A word of caution is that apparent simplicity is not always helpful. A complicated-looking machine may have a separate mechanism for each function and may therefore be easier to understand and adjust than a machine in which a single mechanism performs several functions.
This catalogue of the characteristics of intermittent positive pressure machines is long and tedious, but an understanding of them is important for it is all too easy to acquire an excellent machine which has features which make it very inconvenient for a particular application.
Intermittent positive pressure respirators are not new. The first devices were little more than mechanically operated bellows. These were simple and reliable, but they were not versatile and they paid little regard to physiological consideration. A variety of "spiropulsators" and "pneumoflators" soon appeared which were much more versatile but bought the advantage at the expense of considerable complexity of mechanism. The poliomyelitis outbreak in Denmark turned designers' minds not only to simpler designs but to designs which could quickly be made up in emergencies. Claus Bang (1953) led this be kept in good condition on intermittent positive pressure respiration through a cuffed tracheotomy tube for periods of several months, without any negative phase being used during expiration. Dr. A. B. Kinnier Wilson said that there were many types and shapes of cuirass respirator, of which the best was the chest-abdomen type. This was able to act on the diaphragm and so ventilated the lung bases better than the shorter chest type which merely pulled the sternum forward. With cuirasses of the former type he had achieved tidal-volumes of over a litre, as compared with the average maximum of only 500 ml. with the chest type.
Dr. John Gillies spoke of his interest in rotary air-compressors for activating respirators used in cases of poliomyelitis. Complete elimination of fine oil smoke had been a problem and in view of the possible ill-effects on the lungs of even minute quantities of such smoke over a long period he sought the opinion of Professor Pask on the most effective method of filtration.
Dr. J. G. Bourne asked whether, when simple positive pressure artificial respiration was being administered by rhythmical compression of a breathing bag, tilting the patient a little bit head down would not substitute a small hydrostatic pressure sufficient to compensate for loss of the thoracic pump and ensure an adequate venous return to the heart. If this were so there would be no need to introduce into artificial respiration a negative pressure phase.
In reply to the discussion, Professor Pask said that he thought it would be reasonable to combat the effects of positive pressure within the thorax by posture, but that in extreme circulatory collapse the benefit to be gained from this might be small. The risk of inhalation of mineral oil vapour due to certain types of blower had to be considered, but the use of suitable filters and especially some form of humidifier should minimize this risk.
The difficulty of considering the respirator, connecting piping, respiratory tract and patient's lungs as a single viscous-elastic system, was considerable. It must be recognized that measurement of the relation between pressure and rate of flow, or time of filling of the lungs, at one point in the system did not necessarily reflect a characterististic of the patient, but might be determined by the characteristics of the respirator in combination with the patient.
The figures obtained with a respirator of one type might be different from those obtained with a respirator of another type, unless pressure changes were measured deep in the patient's trachea.
